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Abstract-The drug-admixed food method was applied to ICR strain mice for studying development of physical dependence on morphine.
Mice were treated with morphine-admixed food of increasing concentration (1, 2 and 3 mg/g food) every third day for 9 days. During the treatment, the mice did not show any signs of toxicity.
Plasma and brain morphine levels were quantitatively related to the morphine concentration in drug-admixed food. The plasma morphine level showed a circadian rhythm, and the level was higher than 0.15 ,tg/ml throughout the day. The morphine-treated mice manifested body weight loss, diarrhea and ptosis from 4 hr after morphine withdrawal and showed maximum body weight loss at 12 hr. In the naloxone-precipitated test, jumping and body shakes were observed in mice treated with morphine-admixed food (2 mg/g food) at least for 1 day. Moreover, in mice treated with morphine (2 mg/g food) for 3 days, marked jumping and body shakes and some writhing were observed after naloxone administration. These results suggest that the drug-admixed food method has advantages of easily and rapidly inducing the physical dependence on morphine in mice without causing toxicity and death.
Many investigators demonstrated that physical dependence on morphine in rodents was induced by pellet implantation (1. 2), infusion (3-6), injection (7) and slow release emulsion (8, 9) methods. The pellet implan tation method is commonly used for rapid production of morphine-dependent mice. However, morphine-pellet implanted mice showed approximately 15% mortality (2) .
On the other hand, the drug-admixed food method is an easy way to produce physical dependence on narcotics, barbiturates and benzodiazepines in rats without stress of surgery or injection (10-12).
Suzuki et al. (13) reported that a high degree of physical dependence on morphine was rapidly induced in rats treated with morphine-admixed food for 3 days without an appearance of morbidity.
In this study, the drug-admixed food method was applied to mice for studying the development of physical dependence on morphine. Moreover, plasma and brain mor phine levels in mice treated with morphine admixed food were investigated. Treatment with morphine-admixed food: Mice were treated with morphine-admixed food (1, 2 and 3 mg/g food), as shown in Fig. 1 , using a food dispenser (Charles River Japan Inc., Atsugi). During the experimental period, body weight, general behaviors and food consumption were routinely assessed at 10:00-10:30 each day. Daily morphine intake was calculated from the value of food intake/ day.
Materials and Methods

Animals
Determination of morphine levels in plasma and brain during morphine treatment: I n the first experiment, three groups of mice were treated with morphine-admixed food of increasing concentration (as shown in Fig.  1 D) beginning at noon. Plasma and brain morphine levels were measured at 6:00 of the final day of each morphine concentration (1, 2 and 3 mg/g food). Blood samples were collected from their inferior vena cava under ether anesthesia. The brains were removed, cleansed of adherent blood, and four mouse brains were pooled for each sample. The plasma and brain morphine levels were measured according to the method of Patrick et al. (14, 15) .
In the second experiment, two groups of mice were treated with morphine-admixed food for 9 days as shown in Fig. 1 D. After the treatment, one group of mice was abruptly withdrawn from morphine at 18:00, and the other group was kept on the morphine treatment. The plasma morphine levels of two groups were measured at 18:00, 21 :00, 0:00, 3:00, 6:00, 9:00, 12:00, 15:00 and 18:00 after the treatment for 9 days . Precipitated withdrawal with naloxone: Four groups of mice were treated with morphine-admixed food and normal food as shown in Fig. 1 . The withdrawal was pre cipitated by injecting naloxone (5 mg/kg , s.c.). The mice were given naloxone at 14:00 , and five mice were placed in a cylinder (70 cm high and 30 cm in diameter) . The cumu lative numbers of jumps, body shakes and writhings during 10 min segments made by each mouse following the naloxone injection were recorded for 60 min . Other withdrawal signs were observed for 60 min. Body weight was measured at 20, 40, 60, 90, 120, 150 and 180 min after the naloxone injection .
Morphine withdrawal: Two groups of mice were treated with morphine-admixed food of increasing concentration for 9 days as shown in Fig. 1 D. After the treatment, one group of mice was abruptly withdrawn from morphine at 18:00, and the other group was kept on the morphine treatment.
Another group of mice was treated with morphine admixed food for 3 days, and the mice were also withdrawn from morphine. The with drawal signs were observed at 2 hr intervals for 24 hr.
Statistical test for significance: Student's t--test was used to evaluate the significance of the difference between mean values. 
Results
Effects
of treatment with morphine admixed food on body weight, food intake and behavior:
During the treatment with morphine-admixed food, the animals did not show daily morphine toxicity and appearance of mortality. The mean daily morphine con sumptions were 143.7, 229.7 and 431.0 mg/kg body weight when the concen trations of morphine-admixed food were 1, 2 and 3 mg/g food, respectively (Fig. 2) .
Plasma and brain morphine levels of morphine treated mice: Figure 3 shows plasma and brain morphine levels at 6:00 of the final day of treatment with each concen tration (1, 2 and 3 mg/g food). The plasma morphine level in the treated mice for 9 days showed a circadian rhythm and were maxi mum at 6:00 (Fig. 4) . However, the plasma level was always higher than 0.15 ug/ml. When normal food was substituted for the morphine-admixed food in morphine-treated mice, the plasma morphine declined to control level within 3 hr (Fig. 4) . Precipitated withdrawal with naloxone: The jumps, body shakes and writhings were precipitated with naloxone in the mice treated with morphine (Tables 1, 2 Table 2 . The average number of body shakes precipitated with naloxone (5 mg/kg, s.c.) Table 3 . The average number of writhings precipitated with naloxone (5 mg/kg, s.c.)
such as diarrhea, ptosis and lacrimation were observed in all morphine-treated groups. Morphine withdrawal:
The mice treated with morphine-admixed food for 9 days manifested body weight loss, diarrhea and ptosis from 4 hr after the morphine withdrawal and showed maximal body weight loss at 12 hr. The mice treated with morphine for 3 days did not exhibit a marked body weight loss after the morphine withdrawal (Fig. 5) . The changes of food and water intakes in the animals corresponded to the changes of body weight.
Discussion
The results of this study show that a high degree of physical dependence on morphine can be rapidly produced in mice by the drug-admixed food method. Maggiolo and Huidobro (1) and Way et al. (2) demonstrated that physically dependent mice on morphine could be produced by the pellet implantation method. This method has been used very frequently for rapidly producing morphine-dependent mice. However, Way et al. (2) reported that the mortality was 15% in morphine pellet implanted mice if mice weighing at least 20 g were used. In contrast, in this study, neither body weight loss nor lethality occurred during the treatment with morphine admixed food. This result suggests that by the drug-admixed food method, physical de pendence on morphine can be induced in mice without signs of toxicity.
The mean daily morphine intake was stable in mice treated with morphine-admixed food when compared with those treated with morphine dissolved in water (16). Plasma and brain morphine levels in morphine treated mice were quantitatively related to morphine concentration in the drug admixed food. The circadian rhythm of the plasma morphine level was approximately synchronized with the eating pattern of morphine-admixed food and circadian pattern of body weight, and the level was maintained at the level of more than 0.15 ,,Ig/ ml throughout the day. The brain morphine level was approximately half of the plasma level. In morphine-tolerant rats by the injection method, the brain morphine level was approximately one third of the plasma level after 5 mg/kg s.c. morphine or 10 mg/kg i.p. (17). The brain morphine level of mice who took morphine-admixed food were low in comparison with the level by the pellet implantation method (15), though marked withdrawal signs were observed in morphine treated mice by the drug-admixed food method. These results suggest that physical dependence on morphine can be produced by maintenance of low plasma and brain morphine levels in mice. These results were similar to the report of Suzuki et al. (18) in rats.
AA number of studies on morphine de pendence in mice using the pellet implan tation method was evaluated by the naloxone precipitated withdrawal test (2, 19, 20) because the evaluation by the morphine withdrawal test was needed to remove the morphine pellet from the mice (2) . On the other hand, when the mice were given normal food as a substitute for the morphine admixed food in the drug-admixed food method, plasma morphine declined rapidly to control level. The disappearance of morphine corresponded to the appearance of with drawal signs. Therefore, the drug-admixed food method is an easy way to withdraw the morphine-treated mice from morphine with out the stress of surgery. In the naloxone precipitated withdrawal test, marked with drawal signs were observed in mice treated with morphine-admixed food at least for 1 day. However in the morphine withdrawal test, marked withdrawal signs were not observed in mice treated with morphine for 3 days, but the marked signs were observed in mice treated for 9 days. Namely, the intensity of withdrawal signs induced by naloxone was different from that after morphine withdrawal. This result is similar to those reported in rats by Bla"sig et al. (21) and Suzuki et al. (13) . The difference of withdrawal signs in mice is more evident than those in rats (13).
In (2) measured the pro portion of mice which leapt off a raised platform during 15 min after the naloxone injection, and Marshall and Weinstock (22) measured the number of jumps per mouse during 8 min after the naloxone injection. However, the jumps are influenced by the body weight of the mice (2) . In this study, the number of jumps measured after naloxone injection was not correlated to the duration of morphine treatment. The naloxone precipitated body shakes and writhings were well correlated to the duration of morphine treatment.
Moreover, several authors have assessed the withdrawal signs within 1 5 min after the naloxone injection (2, 19, 20, 23) , though the marked writhing appeared between 30 and 60 min after the naloxone injection.
These results suggest that naloxone-precipitated withdrawal signs in morphine-treated mice should be assessed by lumps, body shakes and writhings for 60 min after naloxone injection.
It is concluded that the drug-admixed food method has the advantages of easily and rapidly inducing the physical dependence on morphine without causing toxicity and death to mice.
